Introduction
Suction of the endotracheal tube (ETT) is frequently required for mechanically ventilated patients in the operating room or intensive care unit. It can efficiently remove a mucosal plug or clots, and it maintains airway patency by preventing airway from narrowing or clogging. However, several complications related to ETT suction have been described [1] [2] [3] [4] [5] [6] [7] [8] . We report this unusual case of a suction catheter stuck in an ETT and split by forcibly pulling.
Case Report
An 89-year-old female, height 158 cm and weight 60 kg, was scheduled for emergency ophthalmic surgery due to traumatic eyeball rupture. The patient had controlled hypertension and Parkinson's disease with American Society of Anesthesiologists physical status IIE. On preoperative examination, serum potassium level was 2.6 mEq/L, and all other laboratory findings were normal. Her chest radiograph showed an irregular opacity at the peripheral lung field.
Anesthesia was induced by 1% lidocaine, propofol, and rocuronium and was maintained with desflurane, oxygen, air, and remifentanil. The patient was intubated with a 6.5 mm internal diameter (ID) oral-preformed ETT (Mallinckrodt RAE oral®, Covidien, Ireland). The surgery lasted for approximately one hour. At the end of surgery and before emergence from anesthesia, suction of the ETT was attempted. A 12-Fr suction catheter (PVC and latex, Insung Medical, South Korea) was wiped with an alcohol swab and inserted through the ETT with some resistance. After connecting vacuum tubing to the catheter, suction was applied. Thereafter, despite efforts to remove it, the suction catheter was lodged in the ETT. Because the patient could not be ventilated with the suction catheter stuck within the ETT, the catheter was pulled forcefully and eventually stretched and split into two parts. Immediately, the ETT was connected to the ventilator with the distal part of the suction catheter remaining within the ETT. The patient was well ventilated without any signs of airway obstruction, and peripheral oxygen saturation remained stable. We prepared Jackson extra lightweight cup forceps ( Figure 1 , Teleflex Medical, Research Triangle Park, USA), and 1 ml of normal saline was injected into the ETT for lubrication. Using the forceps, the catheter was repeatedly pulled in small increments. As the catheter approached the tube inlet, it was grasped by a Kelly forceps. Finally, the catheter was successfully removed. It was found that mucosal secretions had adhered to the distal tip of the catheter (Figure 2 ). The sum of the lengths of the two split parts of the catheter was longer than the length of a new catheter, which means that the catheter was stretched before it split. The patient's vital signs were stable throughout the event, and the patient was moved to the general ward without any complications.
Discussion
ETT suctioning is a necessary procedure for mechanically ventilated patients, but it can cause some hazardous complications, such as extreme impaction or kinking of the suction catheter [1] [2] [3] [4] [5] [6] [7] [8] . In the present case, a suction catheter became stuck in the ETT and was split by forcible pulling. The situation may be attributable to the following factors. First, an oral preformed ETT was used because of the type of surgery. The preformed ETT has more extreme curvature than the standard ETT, interrupting the passage of the suction catheter.
Second, the secretion discovered at the end of the catheter may have caused the catheter to stick to the ETT. In addition, the catheter was wiped with an alcohol cotton swab, and the moisture layer might have caused increased adhesive forces between the catheter and the ETT. Raut, et al. [2] and Singh and Chugh [8] suggested that a thin moisture layer, due to water condensation along the inner wall of ETT, caused close contact between the ETT and the catheter.
Once the suction catheter becomes stuck in the ETT, the situation can be very dangerous because the lodged catheter may interrupt the connection between the ETT and the ventilator circuit. To prevent this situation, the suction catheter should be lubricated. Taylor, et al. [9] reported that use of any lubricants reduced the work needed to retract the stylet from a tracheal tube compared to non-lubrication. On this basis, it is reasonable to assume that lubrication of a suction catheter will facilitate the passage of the suction catheter through the ETT. In addition, an appropriate catheter size should be selected according to the size of the tracheal tube. The American Association for Respiratory Care (AARC) clinical practice guidelines for endotracheal suction of mechanically ventilated patients with airway suggest the use of a suction catheter that occludes less than 50% of the lumen of the ETT in children and adults and less than 70% in infants [10] . The 12-Fr suction catheters are 4 mm in outer diameter, and the suction catheter used in the present case occupied 37.8% of the 6.5 mm ID ETT. Although we used an appropriately-sized suction catheter, it still became lodged in the ETT. The reason for this is presumed to be that the cross section of the curved part of the preformed ETT was triangular rather than circular. Lastly, if some resistance is detected when the suction catheter enters the ETT, one should not insert the catheter forcibly to avoid the impaction of the suction catheter.
If the catheter lodges in the tracheal tube despite these efforts, it might be helpful to rotate the catheter or to change the curvature of the tracheal tube. It is important to avoid forcible pulling because the catheter can be divided into two parts. The remaining part of the catheter can migrate into the distal airway, necessitating bronchoscopic foreign body removal. Removing the ETT with the catheter in situ, rather than continuing the efforts to pull out the suction catheter, can quickly resolve the problem, but there has been a case of failed re-intubation [1] [2] [3] [4] [5] [6] [7] [8] . Therefore, as in our case, instillation of normal saline and application of instruments, such as forceps, might be a good option.
In conclusion, suctioning of the tracheal tube occasionally causes impaction of the suction catheter and a subsequent dangerous situation, especially when a preformed ETT is used. To reduce the risk of such an event, the appropriate catheter size should be selected, and the catheter should be lubricated. The practitioner should not forcibly insert or pull the catheter when resistance is detected. If a suction catheter becomes stuck in the ETT, instillation of normal saline and use of forceps may facilitate removal.
